This paper explores the role of foreign aid and remittance inflows in the mitigation of the effects of food price shocks. Using a large sample of developing countries and mobilising dynamic panel data specifications, the econometric results yield two important findings. First, remittance and aid inflows significantly dampen the effect of food price shocks in the most vulnerable countries. Second, a lower remittance-to-GDP ratio is required in order to fully absorb the effects of food price shocks compared to the corresponding aidto-GDP ratio. JEL Classification Numbers: E2, E3, F24, F35, O24
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I. INTRODUCTION
The recent increase in food prices over previous years has raised concerns about the risk of the resurgence of undernourishment and hunger around the world, and mainly in poor countries. According to the World Bank (2011) , global food prices remain high, partly due to increasing fuel prices as well as speculative behaviours in the commodity markets, and the World Bank's food price index has once again reached its peak from 2008.
2 Moreover, the World Bank study stressed that, since June 2010, an additional 44 million people have fallen below the $1.25 poverty line as a result of higher food prices. Simulations show that a further 10% increase in the food price index could lead to an additional 10 million people falling into poverty, and a 30% increase could plunge 34 million people into poverty.
Notwithstanding the recognised damaging effects of food price shocks on poverty and welfare in developing food-importing countries, little is known about the role that international remittances and foreign aid flows can play in dampening the effects of food price shocks. There are several reasons behind the interest in the effect of these flows. 3 First, developing countries are among the top recipients of official development assistance (ODA) and remittances (World Bank Migration and Remittances Factbook, 2011) and there are existing studies on the countercyclical responsiveness of aid and remittances when countries are facing various types of shock, such as exchange rate shocks, natural disasters, conflict, oil shocks and financial crises (Ratha, 2005; Yang, 2008; Lueth and Ruiz-Arranz, 2007; Mohapatra et al., 2009; Dabla-Norris et al., 2010; David, 2010) .
Second, there are very few papers which examine the role of international capital flows as shock absorbers in developing countries (Collier and Dehn, 2001; Craigwell et al., 2010; Combes and Ebeke, 2011) . These papers essentially focus on the contribution of international capital inflows to macroeconomic stabilisation and coping with various types of shock. Collier and Dehn (2001) found that the adverse effects of negative export price shocks can be mitigated by broadly contemporaneous increases in aid. Combes and Ebeke (2011) showed that remittance inflows help to reduce the destabilising effects of natural disasters, agricultural shocks, financial and banking crises, discretionary fiscal policies and exchange rate volatility on household consumption per capita. One principal limitation of these studies is that they have neglected to compare the effectiveness of remittances and foreign aid following a shock, and especially food price shocks in developing countries. This issue is important, since there is a fear that foreign aid will be crowded out by the large remittance flows observed nowadays. 4 Hence, it seems worthwhile to compare the effectiveness of these two flows in times of shock before making any judgments.
Third, there are very few macroeconomic papers which examine the effects of the rise in food prices by distinguishing between the potential effects on the most exposed countries (the vulnerable ones) and those in which there are not necessarily any negative effects on welfare (the less vulnerable ones). One exception is Kamgnia (2011) , who addressed the effects of the level of food prices on various outcomes (undernourishment, agricultural production, current account and government spending), and differentiated the effects according to the level of vulnerability to food price shocks in Sub-Saharan African countries. This paper measures the effects of food price shocks on both the level of household consumption per capita and the volatility of the household consumption per capita growth rate in developing countries. In this vein, this paper explores the role of aid and remittance inflows in the mitigation of the effects of food price shocks in the recipient economies.
Using a large sample of developing countries observed over the period 1980-2009 and after mobilising dynamic panel data specifications, the econometric results yield three important findings. First, food price shocks significantly affect both the level and the volatility of household consumption in highly vulnerable countries. Based on the previous work of de Janvry and Sadoulet (2008) , the vulnerability of countries to food price shocks was assessed by computing a continuous index which aggregates three main dimensions: the level of underdevelopment; high food dependency and a high food import burden. Second, remittance and aid inflows significantly dampen the effect of food price shocks in the most vulnerable countries. Third, a lower remittance-to-GDP ratio is required in order to fully absorb the effects of food price shocks compared to the corresponding aid-to-GDP ratio which is required.
The remainder of the paper is as follows. Section 2 computes the vulnerability index, the food price shocks and provides some stylised facts about the vulnerable countries. Section 3 presents the econometric models and discusses the main results. This paper concludes in Section 4 with policy implications.
II. DIFFERENTIAL EFFECTS OF FOOD PRICE SHOCKS ACCORDING TO THE LEVEL OF VULNERABILITY: SOME STYLISED FACTS
A. Identifying vulnerable countries
According to de Janvry and Sadoulet (2008) , countries are vulnerable if they meet the following three criteria: (1) high food dependency; (2) a high food import burden and (3) low income.
The first criterion highlights the importance of food in the basket of goods consumed by the representative household in a given country. Hence, the larger the share of food items in the basket, the harder the household will be hit by an increase in food prices. We approximate food dependency by the share of total food imports in the total household consumption. The second criterion stresses the strong dependency of a country on the rest of the world, including for its supply of food items. Thus, net food-importing countries would be naturally more vulnerable to increases in food prices because such increases would cause their current account to deteriorate considerably. In this paper, we measure this variable by the ratio of food imports to total imports. Finally, the third criterion underlines the capacity of a country to constitute food safety nets for domestic consumers, should price shocks be prejudicial to them. We measure this capacity by the level of income as approximated by GDP per capita.
Using the criteria of de Janvry and Sadoulet (2008), we resorted to principal component analysis (PCA) in order to build our vulnerability index. Thus, the vulnerability index is a combination of the following variables: the ratio of food imports to total household consumption; the ratio of total food imports to total imports of goods and services and the inverse of the level of GDP per capita. The latter transformation is achieved in order to ensure that the level of development is negatively correlated to the degree of vulnerability to food price shocks. Finally, the vulnerability index is rescaled so that it ranges between 0 and 10, with higher values corresponding to high levels of vulnerability. The calculation of the vulnerability index is made for the period 1980-2009. The statistical summary of the PCA is presented in the appendices (see Tables A1 and A2 in Appendix A.).
Overall, the first two principal components explain more than 89% of the total variance and are significantly correlated with the three main variables used to build the vulnerability index.
Once the vulnerability index is built, it is useful to see how it is distributed among income groups and regions worldwide. Figure 1 presents the distribution of vulnerability to price shocks among developing regions. The figure shows that the vulnerability index is greater for Sub-Saharan African countries. This result is, however, intuitive. In fact, most of these countries are highly dependent on food imports and do not have enough income to build safety nets to cope with food price shocks.
Looking at income groups, it appears that low-income countries are the most vulnerable, as shown in Figure 2 . This is due mainly to their inability to build a safety net, such as buffer stocks, as underlined above. Overall, the distribution of the vulnerability index among the developing regions and income groups shows that low-income countries are the most vulnerable. However, among this group, Sub-Saharan African countries are the least secure.
B. Computing the food price shock variable
In order to compute the food price shock variable, we follow the methodology developed by Deaton and Miller (1995) and used by Dehn (2000) and Collier and Dehn (2001) . Specifically, we follow two steps: (1) the food price index is computed following the work of Deaton and Miller (1995) and (2) food price shocks are identified using the basic forecast model of Collier and Dehn (2001) .
FP , be the food price index in country i for the year t ; t j P , be the world price of food item j at time t and
w , be the country-specific weighting of the food item at the base year, so that we have the following geometrically-weighted structure of the commodity price index:
w , is the value of food item j in the total value of all commodities 6 n  for the constant base period. In this paper, the basket of goods is made up of six commodities: maize; milled rice; soybean oil; soybeans; refined sugar and wheat. These commodities are considered as the most commonly imported foods in the world (FAO, 2011) . 5 The weighting item is obtained using the following formula:
represents the import value of commodity j at the base year. The year 1995 was chosen as the year for which to construct country-specific commodity import weights, because it allows the inclusion of the former Soviet Union countries and it maximises the number of observations of food imports disaggregated by the products in the sample (Burke and Leigh, 2010) . Global food prices by product are drawn from the International Monetary Fund World Economic Outlook database, and the data on food imports are drawn from FAO TradeStats online.
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The second step consists of computing the shock variable. Following Collier and Dehn (2001) , shocks are located by differencing each country's aggregate real commodity price index series in order to make it stationary, removing predictable elements from the stationary process and normalising the residuals. The forecasting model used to identify shocks is estimated for each country separately, as follows: 
C. Household consumption in times of shocks
This subsection compares the effects of shocks on household consumption between vulnerable and non-vulnerable countries. For this purpose, the relative deviation of the real household consumption per capita during food price shocks compared to a situation without a food price shock is computed. One may notice that the household consumption deviation value is negative for the most vulnerable countries, slightly positive for the intermediates and fairly high for the less vulnerable countries. In other words, countries which are highly vulnerable exhibit a decrease in consumption in times of shock. Those which are less vulnerable enjoy an increase in consumption relative to times when no shock has occurred. This is due mainly to the fact that most of these countries are net food exporters, and therefore benefit from the increase in prices. shows that in times of shock, the most vulnerable countries receive more ODA than the other groups of vulnerable countries. The increase in ODA relative to times of an absence of shocks stands at 13.6%, while this figure is 8.4% for the "intermediate" and 1.5% for the "low" group of countries.
In the same vein, Figure 5 presents the deviation in remittances relative to the absence of shocks. This figure suggests that in the event of shocks, the highly vulnerable countries once again receive more remittances than the "intermediate" and "low" group of countries. However, what is striking in this case is the fact that the increase in the amount received is extremely high, standing at 143.9% relative to situation without shocks. Levels of vulnerability to food price shocks Note : The remittance shock records the relative deviation (in percentage) of the remittance-to-GDP ratio in the time of food price shocks compared to a situation without a food price shock in each country. High: refers to a level of vulnerability exceeding the 75 th percentile of the vulnerability variable, Intermediate: refers to a level of vulnerability comprising between the median value and the 75 th percentile of the vulnerability variable, Lows: refers to a level of vulnerability below the median value of the vulnerability variable in the sample. Source : FAO-Stats, World Bank Development Indicators and authors' construction.
III. DO AID AND REMITTANCES DAMPEN THE EFFECT OF FOOD PRICE SHOCKS? ECONOMETRIC MODELS
The following models are specified in order to test the impact of food price shocks on household consumption.
A. Models of the effects of food price shocks on household consumption
The first models describe the effect of food price shocks on the level and the volatility of the real household consumption per capita.
representing the level of real consumption per capita and the volatility of the real household consumption per capita growth rate (both expressed in logarithmic terms), respectively. X and Z represent the vectors of the control variables. S represents the average number of positive food price shocks in each country during each period. There may be a concern that households anticipate food price shocks and increase their consumption (if households tend to build buffer stocks in order to cope with future shocks). This can lead to biased estimates of the effects of food price shocks on consumption. However, this is less likely to occur, due to the fact that we are using data averaged over several years. Indeed, this overshooting with regard to consumption would be easily observed with high-frequency data (especially monthly data). . In other words, food price shocks, on average, have no significant effect on the level of household consumption, except in a context of high vulnerability to food price shocks. In order to account for this heterogeneity, models 1 and 2 are modified to include a nonlinear effect. In formal terms, the following models are estimated:
The hypotheses tested are:
. Models 3 and 4 allow the computation of the threshold of vulnerability to food price shocks, beyond which the detrimental effects of the shocks on welfare can be observed. From model 3, the vulnerability threshold is given as:
From model 4, we can see:
For the model of the level of household consumption (model 1), the basic set of control variables includes the lagged dependent variable, per capita income, the volatility of the growth in per capita income, the age dependency ratio and the rural population. Positive signs are expected for the lagged dependent variable and per capita income. The volatility of the per capita income is expected to decrease the level of consumption, owing to the accumulation of precautionary savings, the decrease in private investment and the unavailability of jobs. The age dependency ratio is also expected to lower the level of consumption per capita when active people take care of less active individuals. Finally, in rural areas which are characterised by a low level of financial development and higher poverty rates, the share of consumption in household budgets would be higher. One could therefore expect a positive correlation between the rural population and the level of household consumption.
The equation for the volatility of household consumption per capita is similar to those proposed by Herrera and Vincent (2008) , Craigwell et al. (2010) and Combes and Ebeke (2011) . The variables that are expected to be positively correlated with the volatility of household consumption are: the volatility of the GDP per capita growth rate; government size and trade openness. The private credit ratio, the level of economic development and financial openness are expected to be negatively correlated with the volatility of consumption in developing countries.
B. Models of the stabilising effects of foreign aid and remittances
Several specifications are adopted in order to test the hypothesis that foreign aid and remittances act as food price shock absorbers in the recipient economies. If this hypothesis is proven to be true, one would observe a decreasing marginal effect of food price shocks on household consumption as remittance and aid inflows rise. This would be the case specifically in the most vulnerable countries. In order to test this hypothesis empirically, this paper proceeds in two steps. First, the stabilising role of aid and remittances is evaluated using the entire sample of countries. We expect a non-significant effect of aid and remittance inflows. Next, the sample of countries above the previously computed threshold of vulnerability (Vul*) is used to identify the stabilising effects of aid and remittances during food price shocks. As previously noted, the outcome variables are the level and the volatility of household consumption per capita. The same matrix of control variables is also retained, along with the identification strategy through system-GMM. In formal terms, this appears as:
For the consumption volatility model, the following equations are estimated:
with R and A representing the remittance-to-GDP and aid-to-GDP ratios, respectively. From models 5, 6, 8 and 9, the thresholds of the aid and remittance-to-GDP ratios which allow the full absorption of food price shocks in the group of the most vulnerable countries are given as: 
C. Data and methodology
Data for the control variables are drawn from the World Development Indicators Online, except for the financial openness series, which are drawn from Chinn and Ito's publiclyavailable dataset. 8 The narrow definition of remittance is employed to record remittances. In other words, the remittance variable only records the money sent back by migrants who have been residing in the host country for at least one year.
9 Remittance data are normalised by country GDP series. The foreign aid variable records the total amount of the official development assistance (ODA) to developing countries as a percentage of GDP.
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The estimation of the dynamic panel models 1 to 10 presented above with the use of the OLS estimator is inconsistent, since the lagged dependent variables are introduced alongside country fixed effects. This bias is a particular concern here owing to the short temporal dimension of the dataset used. The system-GMM estimator must therefore be implemented. The equations in levels and the equations in first differences are combined in a system and estimated with an extended system-GMM estimator which allows for the use of lagged differences and lagged levels of the explanatory variables as instruments (Blundell and Bond, 1998) . 11 The GMM estimations control for the endogeneity of some explanatory variables.
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Two specification tests are used to check the validity of the instruments. The first is the standard Sargan/Hansen test of over-identifying restrictions. The second test examines the hypothesis that there is no second-order serial correlation in the first-differenced residuals.
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IV. ECONOMETRIC RESULTS
This section begins by discussing the effect of food price shocks on the level and the volatility of household consumption. Next, the analysis turns to the econometric results of the mitigating role played by aid and remittances.
A. Heterogeneity in the effect of food price shocks
Tables 1 and 2 present the results of the effect of food price shocks on both the level and the volatility of household consumption per capita. In each table, the first columns describe the impact of food price shocks on the corresponding outcome variable. Regardless of the dependent variable that is retained (the level or the volatility of consumption), the hypothesis that food price shocks do not exert a statistically significant effect on consumption is not rejected (column 1 of Tables 1 and 2 ).
14 Column 2 of Tables 1 and 2 presents the results of the nonlinear effect of food price shocks on the two outcomes, depending upon the level of vulnerability to food price shocks. The results suggest that food price shocks become statistically significant in explaining both the level and the volatility of consumption once the models allow for interaction with the vulnerability index. In other words, the results reveal a marginal decreasing and significant effect of food price shocks on the level of household consumption per capita as the level of vulnerability increases. Regarding the model of consumption volatility, the results highlight a marginal positive effect of food price shocks on the volatility of consumption, which increases with the extent of vulnerability.
From the results presented in column 2 of Tables 1 and 2 , one can compute the threshold of vulnerability to food price shocks beyond which their effect becomes critical for household consumption. The results of Tables 1 and 2 indicate that the values of these thresholds do not differ between the two tables. Indeed, the threshold of the vulnerability index stands at 1.75 (Table 1 ) and 1.64 (Table 2 ). The percentage of countries above this threshold stands between 53% and 58%. This suggests that countries that are located precisely above the median value of the vulnerability index are particularly concerned by the damaging consequences of food price shocks on consumption. For the rest of the countries in the sample (those which are nonvulnerable and especially those with a vulnerability index close to 0), food price shocks are likely to increase the level of household consumption, but not necessarily its volatility (according to the value and the significance of the coefficient associated with the additive term of food price shocks in Tables 1 and 2 ). The estimation method is the one-step System-GMM. Robust T-statistics are below the coefficients. Data are averaged over eight nonoverlapping 4-year periods between 1980 and 2009. *** p<0.01, ** p<0.05, * p<0.1. The estimation method is the one-step System-GMM. Time effects are included in all the regressions. Robust T-statistics are below the coefficients. Volatility is the 5-year standard deviation of the growth rate of the real household consumption per capita. Data are averaged over six nonoverlapping 5-year periods between 1980 and 2009. *** p<0.01, ** p<0.05, * p<0.1.
To sum up, the preliminary econometric investigations highlight the heterogeneity in the response of household consumption to food price shocks, which depends upon the extent of the country's vulnerability to food price shocks. The next task consists of examining the role played by foreign aid and remittance inflows in absorbing food price shocks.
B. The mitigating role of aid and remittance inflows
Tables 3 and 4 present the results of the econometric specifications, allowing a nonlinear effect of food price shocks conditional on the level of foreign aid and remittance inflows. For each dependent variable, the econometric models are first estimated using the whole sample (columns 1, 3 and 5 of Table 3 and columns 1 and 4 of Table 4 ). As expected, when the entire sample of countries (a mix of vulnerable and non-vulnerable countries) is used, aid and remittances have no statistically significant effect in dampening the impact of food price shocks, except in the model of the level of household consumption. However, this specification should be taken with a pinch of salt, given that the GMM specification tests are not satisfactory (column 1 of Table 3 and column 1 of Table 4 ).
The next task consists of estimating the models with the restricted sample of vulnerable countries, and especially the sample of countries with a vulnerability index above the median value of the variable. The results in Table 3 suggest that when countries exhibit a degree of vulnerability above the sample median, remittance and foreign aid inflows have a strong dampening effect on the negative impact of food price shocks on the level of household consumption (columns 2, 4 and 6). Indeed, as expected, the coefficient of the additive term of food price shocks is negative and statistically significant, whereas the coefficients of the interaction between shocks and aid and remittance inflows are positive and significant. The results also highlight the fact that the remittance and aid-to-GDP ratios required for full absorption of the effects of food price shocks on the level of household consumption are 5% and 13%, respectively. For the remittance threshold, approximately 30% of countries are concerned. For the aid-to-GDP threshold, 24% of countries are concerned. This result reveals that a comparatively low ratio of remittances is needed in order to cope with food price shocks.
Regarding the model of consumption volatility, the results of Table 4 suggest that when countries exhibit a vulnerability index above the sample median, foreign aid inflows have a powerful dampening effect on the negative impact of food price shocks on the volatility of the household consumption growth rate (columns 5, 6, 7 and 8 of Table 4 ). For remittance inflows, countries must be highly vulnerable (above the 75 th percentile of the distribution of the vulnerability index) in order to identify a significant stabilising effect of remittance inflows (columns 3 and 8). In other words, the volatility of household consumption is affected to a lesser extent by food price shocks thanks to remittance inflows in countries that are highly exposed to food price shocks. A tentative explanation for this result could be that countries differ in their use of remittances according to their location on the distribution of the vulnerability index. Remittances may be more likely to be devoted to the financing of consumption in countries that are highly dependent upon food imports compared to other countries. This argument is also supported by the fact that the destabilising effect of food price shocks increases significantly when the sample is restricted to the countries above the 75 th percentile of the vulnerability index. Indeed, the coefficient associated with the food price shock variable introduced additively increases from 0.37 to 0.82 between columns 2 and 3, and from 0.74 to 1 between columns 7 and 8 of Table 4 .
The results also highlight that the remittance and aid-to-GDP ratios required for full absorption of the effects of food price shocks in countries located above the 75 th percentile of the vulnerability index are approximately 9% and 29%, respectively. For the remittance threshold, around 13% of countries are concerned. The percentage decreases to only 5% for the corresponding aid threshold. 15 As has been shown previously, a comparatively low ratio of remittances is in fact necessary in order to cope with food price shocks. Several explanations for this remittances' comparative advantage can be evoked. First, many studies have documented a countercyclical behavior of remittance inflows to developing countries while the evidence for foreign aid is actually mixed (Gupta et al., 2009; Frankel, 2011 , Ebeke, 2011 . Second, micro studies broadly emphasize that remittances are primarily devoted to consumption and recent cross-country evidence shows a stabilizing effect of these flows on household consumption (Combes and Ebeke, 2011) . Third, the relative strong effectiveness of remittances to dampen the effects of food price shocks could be also justified by comparative delays in mobilizing remittances vis-a-vis foreign aid. Indeed, remittances are less sensitive to delays in the aftermath of a shock, while mobilizing humanitarian or food aid to help countries facing food insecurity takes a certain time (internal delay) and the foreign aid effectiveness is often limited by countries' administrative and institutional quality.
V. CONCLUDING REMARKS
The dramatic increase in food prices over previous years has revived an increasing concern about food security, mainly for the most vulnerable countries. This paper examines the impact of food price shocks on household consumption according to each country's level of vulnerability to food price shocks. It also addresses the ability of foreign aid and remittances to mitigate the impact of food price shocks.
Based on a large sample of developing countries, observed over the period 1980-2009, two main results are derived. First, food price shocks significantly affect both the level and the volatility of household consumption, especially in the most vulnerable countries. In the context of a high level of vulnerability, food price shocks reduce the level of real household consumption per capita, while fostering the volatility of household consumption. Second, the results highlight that when countries exhibit a high degree of vulnerability, remittance and foreign aid inflows have a strong dampening effect on the impact of food price shocks on household consumption. Finally, the results suggest that a lower remittance-to-GDP ratio is required in order to fully absorb the damaging effects of food price shocks on consumption compared to what is required in terms of foreign aid. This paper has clear policy implications. The results outlined above suggest that remittances and aid should be increased in order to mitigate the dramatic effects of food price shocks in the most vulnerable countries. Donors should find ways to ensure that their aid can be scaled in the event of food shocks, and remittances should be encouraged by governments in particular during such shocks, e.g. by removing possible constraints and raising public awareness. However, this could be a short-term policy. Indeed, in the long term, one should address the issue of the underlying vulnerability. One way in which to deal with this issue is to invest in agriculture, while increasing the level of diversification. Foreign aid and remittances could also support this process. 
